It has been reported from this laboratory (1) that Selenomonas ruminantium var. lactilytica, a strictly anaerobic bacterium isolated from sheep rumen contents, contains plasmalogens as components of phospholipids. It is also noted (2) that S, ruminantium cells contain glyceryl ether phospholipids. Only a few reports are available concerning the presence of glyceryl ethercontaining lipids in microbial cells. SEHGEL, KATES, and GIBBONS (3) have shown the presence of glyceryl ether diphosphatide in an extreme halophile. Halobacterium cutirubrum.
Glyceryl ether lipids have been known to occur in animal sources including ox spleen (4), Molluscan tissues (5). bovine bone marrow (6), bovine erythrocytes (7), hen's egg and ox brain (8), egg yolk (9), and two species of terrestrial slug (10). These tissues and organisms also contain appreciable amounts of plasmalogens.
The occurrence of plasmalogens in various bacteria has recently been examined in this laboratory.
It has been found that plasmalogens exist widely in strictly anaerobic bacteria and propionibacteria but not in aerobic and facultative anaerobic bacteria (11). These results led us to examine the presence of glyceryl ether phospholipids in various bacteria. The present data demonstrated that glyceryl ether phospholipids are present Veillonella gazogenes was obtained from the National Institute of Animal Health, Kodaira, Tokyo.
Details of cultural conditions of these bacteria were described previously (11).
In each case, cells were harvested by centrifugation, washed twice with water, and stored overnight in a deep freezer prior to the extraction of lipids.
Extraction of lipids from microorganisms. Packed cells were extracted three times with ethanol-ether (3:1) and then three times with chloroformmethanol (3:1).
Extracts were combined, evaporated to dryness under reduced pressure, re-extracted with ether, and subjected to analysis. Extraction of phospholipids from Selenomonas ruminantium was described in a preceding paper (2).
Detection and determination of glyceryl ether phospholipids. Qualitative test and quantitative determination of glyceryl ether phospholipids were carried out by the methods essentially similar to those described previously 2;. The amount of glyceryl ether was expressed as chimyl alcohol equivalent.
Other analytical method. The quantitative determination of phosphate in phospholipid was carried out by the KING method (12) after perchloric acid digestion.
The amount of phosphate was expressed as P.
RESULTS
Results of qualitative tests for glyceryl ether phospholipids in various bacteria are summarized in Table 1 . As shown, glyceryl ether was not detected in the lipid extracts of aerobic bacteria including Ps. fluorescens and B, subtilis.
Similarly, no glyceryl ether was found in facultative anaerobes which included E, coli, R, rubrum, and various lactic acid bacteria, even when they were cultured under strictly anaerobic conditions.
On the contrary, all strictly anaerobic bacteria tested except Cl. kainantoi 182-72 contained glyceryl ether phospholipids. These strains included Cl, acetobutylicum 179-121, Cl, kaneboi, Cl. perfrigens, Cl, saccharoperbutylacetonicum, Selenomonas ruminantium, and Veillonella gazogenes. Glyceryl ethers were also detected in Prop, freudenreichii and Prop. shermanii. These strains were the only exception in that they contained glyceryl ether even when cultured under semi-anaerobic conditions. Table 2 summarizes the analytical data for glyceryl ether and phosphorus in the lipid extracts of representative anaerobes.
The molar ratio of glycery 1 ether to phosphorus varied among various bacteria.
Also, the amount of glyceryl ether phospholipids per unit weight of cells varied to a considerable extent depending on cultural conditions, as can be seen with Selenomonas and Propionibacterium (Table 2) .
DISCUSSION
The present work established the presence of glyceryl ether monophosphatides in a number of anaerobic bacteria and propionibacteria. As far as the present survey is concerned all strictly anaerobic bacteria except Cl. kainantoi 182-72 contain detectable amounts of glyceryl ether phospholipids. Prop. freudenreichii and Prop, shermanii contained glyceryl ether although they grew under semi-anaerobic conditions. These organisms, which contain glyceryl ethers, have been shown to contain plasmalogens as components of phospholipids without exception (11). The amounts of glyceryl ether phospholipids, however, were much smaller than those of plasmalogens. The failure to detect glyceryl ether in Cl. kainantoi 182-72, which contains plasmalogens (11), might be attributed to the low level of glyceryl ethers in its phospholipids.
All aerobic and facultative anaerobic bacteria tested did not contain a detectable amount of glyceryl ether.
Similarly, glyceryl ether was not detected in all lactic acid bacteria tested which are known to be microaerophilic. Therefore, it might be concluded that glyceryl ether phospholipids exist in strictly anaerobic bacteria and propionibacteria.
Thus, the presence of glyceryl ether and plasmalogen phospholipids is apparently related to the phylogenetic tree of bacteria proposed by DE LEY (13).
